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(57) Abstract: A system and method for detecting incidents along a roadway are provided. A plurality of readers are spaced at
intervals along a roadway for reading uniquely identified data from each of a plurality of vehicles. These readings are correlated
(o obtain information on each of the vehicles and to determine the number of vehicles potentially affected by incidents along the

roadway. Finally. the number of each of the vehicles potentially affected by incidents is compared to a sample threshold in order to

determine if a wraffic incident has occurred.
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PREDICTIVE AUTOMATIC INCIDENT DETECTION USING AUTOMATIC
VEHICLE IDENTIFICATION -

i ) l‘u:.LU U.l‘ u-u:'. 1N an\l 1 lUlN
5 Thrs invention relates generally to trafﬁc control systems and more
partrcularly to automatlcally predxctmg traﬁ'xc mcrdents usmg automattc vehxcle '

identification.

BACKGROUND OF THE INVENTION
10 ; In traffic control appllcattons it is ‘often desnrable to detect trafﬁc 1nc1dents that
cause a dlsruptlon in the flow of trafﬁc Conventlonal trafﬁc management systems use |
sensors that monitor the presence and speed ot: yehrcles w1thout individually identifying
each vehicle. Such systems rely on gathermg data from traffic hellcopters camera
systems, and sensors to detect the presence of a vehrcle "One such system includes an

15  induction loop buried in a roadway.

Conventlonal systems typlcally use mcrdent detectlon algonthms that process
the sensor data and declare when an mcrdent has occurred One such algorxthm o
includes detectlng a queue of vehlcles that forms because a trafﬁc mcxdent causes a
20 backup ina roadway There isa need to mnmmrze the rate of false alarms whlle
attemptmg to quxckly detect the formatlon of a queue A false alarm occurs when va
queue lS mcorrectly detected and an mcndent is declared by the algonthm but has not
in fact occurred One solutnon to this problem requtres close sensor spacmg (about
one km) to quickly detect that a queue is forming. Closely deployed sensors are’

25 | expensive in terms of infrastructure and maintenance costs.

There have been attempts to momtor the time requxred for a small set of
vehlcles to travel varlous sectlons of hrghway These vehicles have spec:al o
instrumentation that allows the vehlcles to record tlme and locatlon while travehng on
30 theroadway. These attempts have mainly been for trafﬁc reportmg purposes rather

than incident detection.

Conventional traffic control systems require several operators and expensive

remote control cameras with zoom, pan and tilt features. These systems can miss traffic
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queue wnhm ﬁve mmutes

backlog of traﬁ'lc by rapid detectlon

: 2. ,
problems on sections without cameras In addmon there is no early wammg of traffic

incidents. Other mdustry standard algorithms use data collected by induction loop

sensors that can measure the number of vehicles and speeds of the vehicles. These

al gonthms wait for queues to bunld up before detecn ng problems These systems require

closely spaced sensors because queues can buxld up anywhere on the roadway and

information about the travel time of mdmdual vehicles is not bemg collected and

processed.

U.s. Patent No 5 696 503 entltled “Wlde Area Trafﬂc Surveillance Using a

Mulnsensor Trackmg System and assxgned to Condmon Momtonng Systems Inc,

descnbes a w1de area trafﬁc survelllance usmg a multl-sensor tracking system This

_system attempts to track mdw:dual vehlcles wrthm a sensor’s ﬂeld of view in a

manner s:mllar to an air traﬁ'lc control radar system

In order to detect incidents anywhere on the road within, for example five
»mmutes sensor spacing cannot exceed the s:ze of the Queue that develops five

minutes aﬁer an mctdent If the sensors were w:dely spaced a conventional

algonthm mlght not detect a queue bulld up for several mmutes because thé sensor

mlght be located a dlstance equal to travelmg ﬁve mmutes at an average speed

1., B

before the occurrence of an mcxdent Where the trafﬂc ﬂow lS lxght an incident

SV N tnis

would only cause the formatton of a short queue of vehlcles A conventlonal system

- ..,srﬁz.
COALARRY i b >

would requlre sensors to be spaced less than 500 meters apart to détect the short -

TR TR N 'l)"f 'u 1 I R ‘ [T \) .‘.f‘.} Wt 7
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By rapidly detectlng traﬁ'ic mcldents ona roadway,‘ emergency personnel can

be d:spatched to mnmmlze the tlme that traﬂ'lc lanes are blocked. For a roadway
BTN oSSR IS A TR ce B S N
operatmg near capac1ty, lt can take longer for a queue to clear than the time that the

mcrdent actually blocks trafﬁc lt 1s therefore lmportant to reduce the potentnal

SUMMARY OF THE INVENTION
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3 | t
It is an object of the present irvention to automatically detect traffic incidents on
~'a highway, with a system having full road coverage, limited operator interventlon and
widely spaced sensors. » | 1; _‘ '. ' 4
5 It is another object of the present invention to, detect mcxdents anywhere on
. roadways with relatively low traffic volumes qulckly w1thout needmg to provnde

_ closely spaced-sensors.

In accordance wnth an aspect of the present mventton a method is prov:ded to
10  detect incidents along a roadway including the steps. of arrangmg a pluralxty of readers
at spaced intervals along a roadway for reading. umquely 1dent|ﬁed data from each of
a plurality of vehicles, and correlating the data with prevnously read data to obtam
- information on each of the plurality of vehicles, determining the number of each of
said plurality of vehicles potentially affected by, 1nc1dents along the roadway .
15 Additionally the method includes the step of comparing the number of each of the
plurality of vehicles potentially affected by.mcrc’lents_to a sar_nple threshold.; With
. such a technique, the method .can detect incidents by analyzlng data from widely
spaced automatic. vehicle |dent1ﬁcatlon ( AVI) readers along a roadway where a

=
- significant porticn of vehicles have transponders The 1nvent1ve method can detect

20 .. many types of incidents faster using data from widely spaced sensors than

conventional methods can using closely spaced sensors because the system does not

merely measure the time taken to travel from one point to another for every vehicle,

e eSO PRSP it a3
em—

rather it actively, monitors-every trensponder equipped ,veh_lcle on the roadway in real-

LT s o T PN TR g OV A ma o vy e
S e e e

- time and determines. when a statistically significant number are overdue or arrive
25  early accounting for varying roadway and traffic conditions. . .
In accordance w1th a ﬁ.xrther aspect the present mventlon thresholds used to

determme overdue- and early arriving vehxcles are adjusted according to the roadway
usage. With such a technique, the incident detection method is capable of accounting
30 . for variations in individual vehicle speed due to the possi_ble presence of law o

enforcement personnel, varying road grades, mechanical breakdowns, service/rest

station stops, vehicles entering from on-ramps, and vehicles exiting on oﬁ’-rarnps

between sensor locations.
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is provided that cari detect incidents without a requirement forclosely spaced‘sensors."

) 'arranged to detéct a traffic incident;”
" invention;’

'zldentlﬁeddata and” - e T

4
" One of the novel features in this present invention is the ability to detect

" incidents without having to directly sense the incident or the backlog caused by the

incident. An overdue vehicle does not have to be detected-at the end of the segment

in which it is traveling before an incident can be declared. An early arriving vehicle

' provndes information on possxble incidents near the stait of the-previous segment.

Therefore the incident detection system is abie to detect incidents without the need for
closely spaced automatic vehicle identification (AVI) readers. The present invention
does not require complete tracking of every vehicle on the roadway and can function

when only a fraction of the vehicles are equnpped with AVI transponders. The

_algonthms used i in the present ihvention can accommodate vehicles that stop or slow "

" down in a given segment due to reasons other than an incident.

e

In accordance w1th a further aspect the present invention, a trafﬁc incident

"network, and a plurahty of unique ‘vehicle data readers connected to the data network

“such that uniquely identified data is read from each of a plurallty of vehicles. The B

s'ystem further includes a correlation processor, where the uniquely identified data is

correlated to obtairi a count of overdue vehicles and early arriving vehicles; andan =

“'incident detection processor. With stich'an arrangément, ‘a traffic management ‘system

-

Lo : Lo e W L TR e LTy T e T
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~ * BRIEF DESCRIPTION'OF THE'DRAWINGS
" The foregomg “fedruires' of this’ mventron as'well 4s'the invention itself, may be
more fully understood ‘froni the followmg description bf the: drawings in whichs:

FIG. lisa schematlc dnagram of a roadway havmg traﬁ'lc probe readers

N e s .
G gy e iR

FIG 2isa block dlagram of an mcndent detection system accordmg to the

FIG.3isa flow dxagram 1Ilustrat|ng the' steps of readmg and con’elatmg uniquely

I3

FIG.4isa flow diagram illustrating the steps of detectmg anincident.

01689569A2_I_>
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DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIG. 1, an mcrdent detectron system 100 mcludes a traﬂ'lc

management center (TMC) 34 .connected to a plurality of traffic probe readers 7

- (TPR’s) 20a - 20n (generally denoted TPR 20) along a roadway 10 separated by
-interval 15: The roadway 10 includes a number of segments l 1 (generally desrgnated

S;i 11) which are typically located between a pair of TPR’s. 20 or other devxces that can

detect vehicles.. It should be apprecrated that the length of mterval 15 between each
pair of TPR’s 20 is only approximate and does not have to be umform between TPR’
20. The interval 15 is set to minimize the required number of TPR’s 20 subject to

incident detection time constraints. In one embodiment, the mterval 15 is set to ﬁve

. kilometers. A plurality of the vehicles 12a - 12m (generally denoted vehrcles 12)

traveling on roadway 10 can each mclude a transponder 16. Vehrcles 12 so equrpped

- can include automobiles, truck, buses service vehicles and any type of vehlcle .

traveling on.the roadway. In operation, TPR 20a will detect vehicle 12 by read_lng

. transponder 16 when vehicle 12 enters a reading zone surrounding TPR 20. A

As shown in FIG 1, an incident includes a bus 14 blockmg traffic causmg a

.- -'queue(a backlog) of vehicles (12c 12d, 12e and 12n) to form on segment ll (denoted

20 - :
.+~ Vehicle 12¢ entering segment S; 11 ata earller trme was detected by TPR 20a and has

Si) on roadway 10. Vehicle 12a is shown entermg the readmg zone, of TPR 20a

traveled a further distance on the roadway 10 to. the trafﬁc queue caused by a trafﬁc

accident involving bus 14. TPR 20b whrch is located further down the roadway will

;- not detect vehicle 12c until.the trafﬁc mcrdent is cleared and vehrcle 12c [passes
25 ..
© oceurs, the incident detecticn system, 100 calculates that vehxcle 12c is overdue at

within the detection zone of TPR 20b At some pomt in tlme aﬁer the mcrdent

- TPR 20b;.as described. below in con;unctron wrth FIG 3. By determmmg that a_

30

BNSDOCID: <WO___0169568A2_I_>

~-. number of vehicles are overdue the mcrdent detectlon system 100 can detect the

incident and declare that an incident has occurred before vehicle 12¢ and other

overdue vehicles 12 arrive at TPR 20b. This novel detection method does not need to .

ttrack every vehicle 12 because it indirectly senses the incident with cause a backlog

. without having to directly sense the backlog rtself The novel method does not

require that every vehicle 12 have a transponder 16 and can accommodate vehrcles 12

that stop along the roadway.

T T AT SRR TR S T S A ST A e



WO 01/60569 PCT/US(1/40298

10

15

20

" in each of the RTC $26in order to drstnbute tne data correlation and lncrdent detection

25

30

'functrons throughout the mcrdent detectron system 100

Refemng now to FIG. 2 ablock dlagram of the incident detection system 100 is

v,

’:shown “The' mcrdent detectron system 100 ‘includes a plurality of TPR’s 20a - 20n

dlsposed at known intérvals along the roadway 10.'(FIG. 1) Each TPR 20 includes an

automatrc vehicle identification (AVI) reader 22. The TPR’s 20 can be connected viaa -

data network to the trafﬁc management center (TMC 34) or to a roadside toll collectron

~ device (RTC) 26. The RTC $'26 can be connected to the TMC 34 6rother RTC’s 26. It
. should be apprecrated that various ‘network conﬁguratlons and data’ transrnission

. protocols can be used to transfer data generated at the TPR’s 20'to the TMC 34 and thata

direct coninection from each TPR 20 to the TMC 34 is not’ requrred

fegl !

The TMC 34 mcludes an mcrdent detectron processor 32'and a correlation

processor 36 The blocks” denoted processors ‘cani represent computer software

mstructrons or groups ot mstructrons performed by a processing apparatus’or a digital

computer Such processmg may be performed by & single processm g apparatus that may, -

for example, be provrded as part ‘of the TMC 34 such ‘as that to be described below in -

conjunctron with method described in FIG. 3. Alternatrvely, the processing blocks

‘represent steps performed by functronally equrvalent circuits such as a dxgrtal srgnal

'processor circuit or an applrcatron specrﬁc mtegrated Giretit "(ASIC).* 'An‘optional

mmdent detectlon processor 32' and an optronal ‘correlation’ processor 36' can be included -

T IR IRV

i PRI

ETTET

Tiery

:.J|‘~ i ‘-vx".. S " P | R R
+ . v -~ -‘-,- 7 - A

The rncrdent detectron system 100 can also incilide’a’ plurallty of toll gatéways
(TG’s) 24 whlch can be connected to anRTC 26 mductron sensors 28 “automatic vehicle
rdentrﬁcatron (AVI) readers 22 or lrcense plate readers 30 Thé TG’s 24 equipped witha
speed detection sensor 23 can measure 'the mstantaneous speed ofa vehicle'12 equrpped

with a transponder 16 at locations where the vehrcle 12 is niot requrred to stop in order for

e TR - B

the toll collectron transactlon to occur.

A ‘ PN . o . . .
- . . [ A iy . N P ST I
B . : R : \

" The incident detectron system 100 can Operate with several types of transponders
mcludmg ‘but not llmrted to transponders operatmg under 4 time division multrple access

('I'DMA) transponder standird ASTM V.6/PS111-98, the CEN 278 standard."and the

A
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‘Caltrans Title 21 standard. Some transponders support writable memory, and this feature

can be used to support distributed prccessing of the AVI data as described below..

.. - In.operation, TPR’s 20, in conjunction with TG’s 24, are able to ?pd@viduaiiy
identify each vehicle 12 based on its unique transponder 16 identification code (ID).i
Thus, data from muitiple locations can be linked together to derive.a fairly accurate
estimate of travel conditions. The novel approach described herein makes more use of
the available AVI data than previously contemplated in conventional systems. By
indirectly sensing the queue which forms at an incident, the inventive method allows the
TPR’s 20 to be preferably spread out at five km intervals along the roadway while still
échieving objectives to detect traffic incidents.within 2 minimum specified period, for
example five minutes. TPR’s 20 are not needed at Toll Gateway locations as each TG 24

includes full TPR 20 functionality. -..

TR

Each TG 24 and TPR 20 preferably contains an AVI reader capable of reading, .

the unique thirty-two bit ID assigned to each transponder 16. It should be appréciated

. that the incident detection system.100 can used a:variety of transponders 16 and AVI
.readers 22 and is not limited to readers with a thirty-two bit ID. In order to avoid
- .erroneous reading, the transponders 16 should preferably be identified by a unique ID.

20

.i .+ The roadside equipment, TPR’s 16 and TG’s 24, process ealch‘_tr,ggqu’nder’s

16 data to. determine the following information: (i) an indication with high confidence

...that the indicated transponder. 16 crossed the detection location in the expected

_direction of travel; (ii) the date and time of detection in Universal coordinated time

e

(UTC); (iii) the difference:in time from previous detection to current detection; (iv)
the location of previous detection (this information is stored in the transponder 16

memory); (v) the registered vehicle classification; (vi). the instantaneous vehicle speed

... collected at Toll-Gateways 24 only; and (vii) an,estimate of vehicle occupancy over
* the full-width of the roadway. which is collected at Toll Gateways 24 only _and_ -
30 ...

typically detected by induction loop sensors. It should be noted that the system
preferably operates using universal coordinated time (UTC) that is referenced to a
single time zone. Preferably, the link or segment travel time, which is the difference

in time between the time of a vehicle detections at the start and end of a segment 11,

.+ is accurate to within « one second. Additionally, Toll Gateways 24 can determine the

BNSDOCID: <WO__0169569A2_|_>
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" be processed to modify the operation of the fiicident détéction:system 100. « 7

Lo

8

" count, .spéed, and occupancy of non-AVI vehicles'which can be extrapolated to- -

augment the AVI data produced by TPR’s 20" It should be appreciated that the
incident detection system 100 can be used with an open-road automatic vehicle

identification 't‘olling instead of traditional toll booths, and that the incident detection

" system 100 is not limited to any specxﬁc toll collection method or roadway

’

conﬁguratlon
" Typically the uniquely identified data, for example’data associated with -

vehicles 12, and other data such as induction loop data and license plate data are -

- transmitted over data network including fiber optics or wire transmission lines. The

incident detection system 100 can’also use wireless communications to collect data.
- . - g . L . - ) .-
The incident detection system 100 can' be included as a subsystem in an

Electronic toll collection and traffic management system (ETTM) which processes toll

“transactions and includes additional traffic mandgemcnt functions.’”

T

" “Referring now to FiG. 3, a flow diagram illustrating the steps of reading and

éoﬁeiatihg uniquely identified data is shown: -Steps 40-to 56 process uniquely identified

~ data after it is read by AVI readérs 22, loop'sensors 28 and license plate réaders 30

included in the incident detection system 100. It should be appreciated that the data can .

- be processed in any oné or a combination of several coinponents in the system including ...
Yy g

“YPR’s'20, TG’s 24, RTC’s 26, correlation processors-36 and 36', ‘incident: detection -

processors 32 and 32’ and TMC 34:°Addiiionial data that drendtuniquely identified with

a vehicle, for example; induction 1oop sensor daa anid Toadway occupdncy data can also

P S SPIY ey i e .
R N A T I A S A < [ -, '

At step 40, uniquely identified "AVI data identifying each vehicle with a

transponder 16 is read continuously as vehicles containinig transponders 16:pass within

range of AVI readers 22 connected to TPR’s 20 or TG’s 24.  Other uniquely identified

data can also be collected by automatic license plate readers 30 and by an operator

entering manually read license plate data. ° e an . ERR A

e = P R e

C—‘" T : T T S vl s -

At stép 4], additional data such as the current UTC time, and the segment number

of the roadway segment being entered can be optionally written'into the mernory location

BNSDOCID: <WO___0169569A2_|_>
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ofthe transponder 16 if the transponder 16 supports this feature. The - transponders 16 are

‘typically pre-programmed with information identifying the issuing agency and registered

vehicle classification. The UTC time and a roadway segment identifier are preferably

written to the transponder as the vehicle 12 passes within range of the AVI readers 22.

“At step 42, AVI data collected from AVI readers 22 connected to TPR’s 20 and
TG’s 24 are correlated based on AVI unique transponder ID s. Data correlation
processing can optionally occur within a correlatxon processor 36’ connected to RTC 526
or all of the raw AVI data.can be sent to the TMC 34 and correlatlon processor 36. It
should be appreciated that the data correlation process can be distributed among the
various processing elements of the incident detectton system 100 so that data is

preprocessed before being sent to the TMC 34. Aﬁer the data is collected and correlated

in steps 40 and 42, the TMC 34 determines how many AVI equipped vehlcles 12 are .
i adaiLL L L

currently traveling w1thm.a.g1ven road | segment and how 1 much h time has elapsed since

each vehicle entered each segment. Correlation of the AVI data is accomphshed by

matching reports from adjacent sensors using the unique transponder ID’s. When a report

»for a given transponder ID has been received from the sensor at the start of a segment 11,

but not the sensor at the end of the segment ll it is assumed that the vehicle is still

travelmg the grven segment 11

20

In steps 44-48 an expected speed and expected travel time for the next segment

_1 1of the roadway are calculated for the vehicle 12 that has been detected In step 44, the

- expected speed foLeach 1dent1ﬁed vehicle 14 is calculated For each vehicle 4 entermg a

road segment 11. denoted S; startmg Toll Gateway 24 a start speed s grven by
sl
StartSpeed] V,,S,] instantaneous speed of V; at the start of S,,
Where:

- §jdenotes the segment 1] starting with Toll Gateway 24; and

'V, denotes a vehicle 12 identified by Toll Gateway’s 24 AVI reader 22.

The Toll Gateway 24 can measure the speed of a vehicle as it passes without stopping.
/"‘“\\__.__— : -

s

- For .each vehicle 12 denoted V, entering a road segment 11 denoted S; that

* starts with & TPR-20 the starting speed for the segment: 11 is determined-from the

average speed over the prior segment since a TPR 20 can not measure instantaneous -

0169569A2_|_>
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speed, and is calculated by :

- StariSpeed(V;S;] = average speed of ¥ over prior:segment from 5., to ; computed

10

15

HEETA N

20

“from the length of segment S;.; divided by the time to complete the ségment.. -

In step 46, the TMC 34 computes the expected speed of each vehicle V; to be -

the mmrmum of its speed as it enters a segment "and the legal speed limit." The

expected travel time is calculated as the lenigth of the segment 11 divided by the'

calculated expected speed usmg the followmg equations:

ExpSpeed[V S 1= mm(StarlSpeed[V S ] nghSpeed[S ])

" Length[S,
ExpTimel[V,,S ;1= engihLS, ]
Eprpeed[ S;]

[

»
Pt e

where
nghSpeed [S 1= average legal speed limit over the segment startmg at S
Length[S 1= length of the segment Startmg at S o oL |

L LA, et R
Lol P s

o
N .

The 1nc1dent detectron system lOO 1s desr gned to allow extra tlme for a vehicle

10 traverse a segment 11 to avord generatmg false alarms When an actual mcndent

kN

occurs, it should affect a large enough number of vehrcles that the mcrdent can be
detected. The incident detection system 100 allows the exgected travel time to vary
ajlows e s

by vehrcle m order to account for effects such as slow movmg trucks and even

o

mcrease the expected travel tlme when a truck enters a road segment 11 contalmng a

large grade The expected travel trme is never faster than the _p_sted speed hmrt to

ey, | f . U S It e

allow for vehlcles 12 that may be travelmg faster than the speed hmlt at the start of a

sl
segment 11 but slow down wrthm the segment 11" due to_the presence of law ~ 7T

: [ N
;o ol PR .o €3
oo STV,

AFLA AN
Sawnn
.

At step 48, a database is updated to reﬂect thiat vehiclé 12 has entered a. new

segment 188 along ‘with the calculated expected speed anhd travel time to the next' AVI

o

“reader 22’ It should be appreciate ‘that the database could be'implemented as a -
-

computer database, or indexed tables. The distributed approach preferably uses a
table with one row for each transponder, including the time it passed the last reader,
"speed, and expected time at next reader,- With a centralized approach a.database is

used instead of indexed tables.

BNSDOCID: <WO__0169569A2_1_>
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In decision block 50, a test is be made to determine if the recently detected

‘'vehicle 12 was considered overdue. If the vehicle was being counted as overdue, the

vehicle 12 1s removed from the overdue list in step 52.

In decision block 54, a test is made to determine if the recently detected

‘vehicle 12 has arrived early: ' The determination of an early arriving vehicle 12 is

significant to'incident détermination in previous segment because early arrivals can be
caused by incidents in prior segments 11 that abnormally reduce traffic in subsequent
sections allowing numerous early arrivals. The early arriving vehicles 12 can enter

segments 11 via an on ramp or an interchange.

In a distributed correlation embodiment, the.early arrival information is made

available to-RTC’s 26 processing data from previous segments 11 because the actual

-early arrival might be detected by a TPR 20:or TG 24 which is controlled by a

separate RTC 26.

If an incident occurs just downstream of a Tol! Gateway and causes a backup
to the Gateway, the algorithm will detect the incident by noting that the average
vehicle speed through'the Gateway ié_/_sWhe average link travel times are

faster than expected for heavy' congestioa:: Declaring an incident based on such “early

| arrivals” improves detection performarice for incidents just beyond a Toll gateway.

‘| This is important becatse Toli Gaiewaysare-located near-merge points which tend to

have a higher rate of accidents.« 7 " Lo il o e e

- e

It is also possxble that an mcxdent near a TPR 20 could cause slow travel times

_for the segment 11 pnor to the TPR 20 and correspondmg early amvals for the next

segment 11. Thxs effect is due to the fact that TPR’s 20 are not capable of measurmg

_instantaneous speed However the pnmary method of detectmg such mmdents is

through the test for overdue vehlcles 12 and lt is expected that the early thresholds .

would normally not be used for segments ll followmg a TPR 20. The early

thresholds are. normally only used for segments followmg a toll gateway that can

measure mstantaneous speed For segments followmg a TPR, mCIdents are only

detected by countmg the overdue vehlcles Steps 40 56 are repeated as additional

)___01695689A2_|_>
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12
AVI data are collected.

" Réferring now to FIG. 4, a flow diagram illustrating the steps of detecting an
incident is shown. Steps 60 - 86 are repeated on a periodic basis preferably at least
every twenty seconds, for each segment 1 1 in the roadway that is being monitored, to
determine the number of vehicles 12 potentially affected by incidents along the

r'oad‘way‘.' At step 60, for each segment 11, the count of overdue and early arriving

"'vehicles is reset to zero. At step-62, the data for each of the vehicles 12 known to

10

* have éntered without leaving and those vehicles that have been reported early is

collected.

In steps 64 - 86, an incident can be declared in either of the following ways: (1)

the count of vehicles overdue by more than the applicable threshold exceeds the a

- predetérmined sample size; or (ii) the count.of vehicles that complete the segment 11

15

30

L

“conditions as described below. © -+ eon s e e e L

T i /.-—-"\____,.—__.._____
A at a TPR 20is compared toa predetermmed threshold “The elapsed time a vehicle

early by more than the applicable threshold. over the last three minute time interval
exceeds a predetermined sample size. The sample size thresholds and time -

thresholds can be dynamically adjusted to vary by segment 11 and other traffic

AESETE

Gpir s e e e \
\

" In decision block 64; a determination is made whether a vehicle known to be-, ..

-~ 'in segment 11, S,  is overdue by comparing:the UTC time to the expected arrival timé\_‘.
:* 6f the vehicle at the end of the ségment:11;:S;:: Ifthe vehicle.is overdue, processing :

! ehiitinues in decision block 66 stherwise processing continyes at step 74 to de,te_rminte

if the vehicle has arrived early at the end of the segment:}ds; «:.o .- -~ - - - l

In decnsxon block 66 the amount of tlme that a vehlcle 15 is‘overdue to arrive
has been travelmg ina segment 11 is compared to an expected segment 11 travel time
for each vehicle to determme lf the vehlcle is overdue and by how much time.” The
magmtude of the threshold is mcreased dunng penods of hlgh total vehicle road usage
to avord declarmg an mc:dent due to translent waves of congestlon If the vehicle is [“
not overdue by an amount of tlme greater than the threshold, processmg continlies in
decrsmn block 68 where a test rs made to determine if there are more data

representmg vehlcles 12 in the present segment 11to process
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The overdue time for vehicle ¥; is calculated as follows. At any given time

/\ t.in step 66, if a vehicle ¥, has not been detected by the downstream sensor starting

segment S ,,,, . within the expected arrival time ExpTime[V;, S ], the vehicle 12 is

Py

initially placed been placed on an overdue list. ‘Using thé current time and the time
\ vehlcle 12 started the segment 11, the time that the vehicle 12 is actually taking to

complete the segment 11 is com&d to the time the vehicle 12 should have taken to

complete the segment 11. Expressed as a percentage of the time the vehn.le 12 should

have taken to complete the segment 1 1, the vehicle is overdue by: -

l t, - StdrtTithe[V,, S 1- ExpTime[V,,S,]
ExpTimelV,,S,]

10{ OverduelV,,S;,1.]= x 100% (Equation. 1)

where

= the current UTC tlme

\ . StartT lme[V, . S ] tlme that V entered the segment startlng at S and h
ExpTime[V,,S,] = time that V; should have taken to complete the segment w1th sensor

15 S

- If the overdue time for a vzhicle exceeds the predetermined threshold, a test is

made ith’?Gftﬁdmevehicle 12 is overdue by morethana -
predetermined cutoff time. The cutoff time is preferably measured starting at the time
20 that vehicle 12 exceeds the-overdue threshold rather than at the expected time of
 arrival. This reduces the need tcartificially increase the predetermined cutoff time for
-. a high overdue threshold.: . - L S TR TN

Service stations incated aleng the roadway can be accommodated in the

257 algorithm by increasing tiie required saimiple:size for declaring an incident on just
those sections of Highway.. The test in decision block 70 can disregard occasional

long link travel times to allow for service station stops, breakdowns, and law . , -

enforcement stops. If the vehicle 12 is not overdue past the cutoff time, the count of

overdue vehicles is incremented in step 72. -
P .

30 e
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After a vehicle becomés overdue by more than the predetermined cutoff time,
preférably five minutes/in one embodiment, it is ignored for the remainder of that
~ segment’11to avoid declaring an incident duetoa few vehicles stopping for some reason
unconnected to a traffic incident. This nominal cutoff threshold is adjusted during initial
5  system setup to minimize falsely detected ineidents. _

A

. The overdue count is decremented by the number'of vehicles 12 which are

ignored for a particular segment 11 when the overdue trme exceeds the cutoff
threshold. Also as each overdue vehicle is detected by the reader at the end of the

10  current segment 11, that vehrc]e is remove from the count of overdue vehlcles

t

The incident detection sysfem 100 is designed to detect incidents that result in
a queue build-up, not events such as a single vehicle breakmg down wrthout blocking
traffic. When an actual mcxdent occurs, there wrll bea contmumg stream of overdue

15  vehicles to tngger an mcldent determmatxon in response to the companson in decision-

block 82 described below. ~ ¢ Bt R L R Ry

In decision block 74, a check is made to see if the vehicle 12 has arrived early
" as determined in step 56.: If‘the vehicle has arrived early processing continues at |

20 “decision block 76 otherwisé data'collection continues-at step 40.. =~ ' ..~ 1=t -

c P it
R PR S B TS B A O ot S U L SR O

" In decision block 76.'the differerice betwéen the.expected and actual link. ; st

travel time 6f any vehicle whrch arrives early. at:a: TPR 20 (referred to as'the: early . / '

147 arrival time) is compared to a predetermined “'lﬁe Early”. threshold:- -2. The “Time

23 ! Early” time in step 76 is the difference between the actual arrival time and the

change. If the early arrival timé for a-vehicle'exceeds the-predeterniined threshold, a -

f
expected ‘arrival timé.- This is calculated:at:time 'of-arrival of:vehicle 12 and does not l
/m .
-test is made in decision block 78'to considered vehicle.arriving' early over some- ' f

interval of time, for example the last three minutes. - - . =~ = -~ SR

The maximum of the actual time the vehicle 12 took to complete a segment

11, and the time to travel the link at the legal speed, is compared to the time the

vehicle 12 should have taken to complete the segment 11. Expressed as a percentage

of the time the vehicle 12 should have taken to complete the segment 11, the

___0169569A2_I_>
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difference between the expected and actual link travel time for a vehicle is given by:
Length(S ]
' HighSpeed[S;
ghSpeed(S, ] x 100%
'ExPT'me[ ,’)Sj]' R TR PR S
" (Equaticn 2): -

This' difference is used to calculate early arrival time and can be used to

. max(ActuaITtme[V A J Expsze[V,,S A

5 calculate hlstogram of vehicle arrival times. If AVI correlation occurs at the RTC’s

26, only a hlstogram of the number of overdue vehicies is penodncally sent to‘the
/—/——’_—’—-—'—-—-"__\f
TMC 34, not the data for each mdnv:dual vehicie.“In the distributed correlation

embodiment, each RTC sends information on éach transponder that passes its last
/‘\\_/",—_
sensor to the next downstream RTC 26 The RTC’s 26 have the ability to

10 communlcate dlrectly wnth each other \
The hlstory of the actual lmk travel time for vehicles and the difference from
the expected travel time can be retamed by the incident detection system 100. This
mformatlon can be dnsplayed to the operator té assist m/manuw_gl_d_e,nt_dﬂcc@ljnd
15 " can be used for fine tumng the automated w& Instead of saving the data for
every vehicle that traverses a-segr‘nent i 1'; sufn'mar'sr histcgrams can be stored.”

The “Has been early for time” in step 78 is the difference between the actual

amval tlme and the tlme at’whlch the’ evaluanon is being made. '\I}us tine increases
20 1 on subsequent evaluatlons untli it ﬁnally exceeas a cutoff time. To declare an’

mc:dent based on early amvals preterably only vehicles-arriving early within the

J cutoff tlme (for example the prev:ous three mmuxes) are considered It should be
apprecnated that the cutoff tlme caii be adjuswa a function of segment 11 road usage
and conﬁguratxon A hst lS mamtamed of each eariy amvmg vehicle and the time at

whlch it arrived. "Aftér a vehlcle has been o the list for longer than the cutoff time,

|
e
|
1

25
I preferably three mlnutes it lS removed If the vehicle has arrived early and has -
I arrived wnthm the cutoff mterval then the count of early arriving vehicles cver a set
i : . .
i tlme mterval is mcremented in step 80.
30 - The magmtude of the time g\f_:{cil_lg_a_n,d_nme early thresholds are increased

—_—
durmg penods of hngh total vemcle road usage to avoid declarmg an incident due to

—
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trarisient-waves of congestion. - -~ . . cg ten

The tests for declanng an incident. occur in decision blocks 82 and 84. In
dectsron block 82 the number of overdue vehicles over a predetermined interval i is
5  compared- tg/mnmmm!ehncles (the overdue sample threshold). Ifthe
count:of overdue vehlcles 12 is greate_rEzTn the overdue sample threshold an incident
- is declared in step 86. If Wt exceed the sample threshold a
second test is made in decision block 84 for early amvmg vehlcles 12. When an
incident is declared in a given segment 11, the detectlon logic lS modified to avond

10 false incident detection in upstream and downstream segments 11.

In decision block 84 the number of vehicles 12-Nth-at have arrived early at a
TPR 20 over a Wcompared toa minimum number of vehncles
 (the early sample threshold). If the count of ove:due vehlcles 12 is greater than the
15 early sample threshold an incident is, declared in step 86 If the early count does not
exceed the early sample threshold, the overdue and early counts are reset at step 60
- and data collection repeats at step 62. It should be apprecrated that an mcrdent can be N
detected in either the TMC 34.in mcndent detectlon processor 32 or an RTC 26 in
incident detection processor 32°.

.. Both the overdue and early sample thresholds vary accordmg to the current
road-usage. The sample thresholds are, mcreased dunng penods of hlgh AVI vehlcle
road usage to avoid declaring an. mcxdent based ona small percentage of the total
traffic..-The magnitude of the thresholds are. mcreased dunng perlods of hi gh total

25  -vehicle road usage to avoid declaring.an. 1nc1dent due to transrent waves of
.congestion. Thetime thresholds are dynamlcally ad_]usted to vary by segment l l and
other traffic conditions. For example, if over a recent ﬁve mmute mterval the total .
traffic per lane at start of a segment 11 is less than 100 vehlc]es the time threshold for
-overdue vehicles is preferably set. as a percentage ¢ of the expected trme equal to ten

30 percent. The corresponding threshold for early arrtvmg vehlcles expressed as a
negative percentage is set to minus thirty percent. As the trafﬁc per lane on the
-segment 11 increases to greater than 150 vehlcles the time threshold for overdue
vehicles is mcreased to twenty percent and the magmtude of the trme threshold for

early arriving vehicles is increased to minus fifty percent respectrvely ‘As descnbed

BNSDOCID: <WO___0169569A2 | >
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above, these initial nominal values ure tuned to provide fewer false incid}ent' .
detections. N

The early sample threshold is chosen to be proportxonal to the senected eany
time threshold in that shorter times require smaller sample sizes to mamtam the same
incident detection rate. Longer times and sample sizes increase the time to detect an
incident but reduce the false alarm rate. The early sample threshold is determined
based on the required incident detection rate and false alarm rate. Then, the
appropriate time threshold is calculated. Finally, the parameters are tuned based on

operational experience. The overdue criteria are calculated in a similar manner.

In an alternate embodiment, distributed processing in the RTC’s is used to
correlate the data. The RTC’s 26 can retnieve data sto_red in transponders 16 to use
information collected in a prior segment. In this embodin1ent, the RTC 26 determines
the number of vehicles within a range of overdue times as.a percentage of the
expected arrival times. This information is,transmitted.to the TMC 34 on a periodic

basis.

- Use of the transponder 16 memory can reduce the amount of data that needs to
be sent from.one RTC 26 to the.next as well as RTC processmg overhead but the
same performance can be achreved in a system with non-writable transponders if
sufficient inter-RTC colrnnjrumcatron_and p_rocessmg resources are available.

TR

The advantage of dlstnbuted processmg isa rcductlon in data processmg and

»transmlssmn because all of the mdlwdual AVI data does not have to be sent to the

- TMC 34. This also saves. TMC 34 processmg resources The RTC 26 creates a

histogram of Vehicles Currently Overdue Table I shows an example of a hlstogram

-~ generated by RTC 26. These hxstograms are updated on a penodnc basxs preferably '

every thirty seconds and sent to the TMC 34. The ﬁrst entry in Table 1 mdtcates that

at the time this set of data was calculated there were 80 vehicles that have not amved

- at the end of the segment 11 where they are current located and they are within 5% to

...~10% overdue. ‘For example vehicle 12; has an expected travel t1me of 100 seconds

for segment 11; and vehicle 12, transponder 16 contamed data mdlcatmg that it
entered segment 11; at UTC time 12:00.00. If the current UTC time is 12: 01: 46,

BNSDOCID: <WO___0169569A2_|_>
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vehicle 12, has been traveling in segment 11; for:106 seconds and is currently 6 %

overdue. As described above the number of vehicles in each overdue range of

overdue percentages preferably excludes vehicles overdue more than 5 minutes. 1f a

vehicle 12 traveled in'a segment for 125 seconds and the expected travel time was 100

seeonds, ‘the vehiclé 12 would be counted in the 26% to-25% bin.

et

Time Overdue % | Number of Vehicles .~

%to 10% | 80 °

- [10%t0 15% 40
T15% to 20% 20

0% 25% |5

Fw o - ¢ ¢

Table I Vehicles Currently Overdue ~  ~ - - ¥

The mcxdent detectron system 100 ¢an also operate where the roadway

mcludes on-ramps off ramps mterchanges and free sectlons of roadway. -7 L Uhe

T REe st al el vy IR i s e e e L
To declare an incident on a séction of road that includes an on-ramp; the -

. _threshold for overdue vehtcles is preferably mcreased to forty percent regardliess of
traﬁlcﬂow Soene

S ax Ty b1 T
[ A A 3 AP - A
{0l it IO Bl v

PR

Preferably, a Toll Gateway should be located 500 meters beyond the beginning ‘of the "

merge pomt of each on-ramp to provrde updated mstantaneous speed for each AV1

lhs L.

: vehtcle In cases where thls is not practlcal an on-ramp éfould be followed by two
closely spaced TPR’s 20. For the sectlon ‘of road between the TPR’s 20, the thireshold
for overdue vehicles should be mcreased to 50% or fore regardless of traffic flow to
lessen the probabrhty of declarmg a false incident die to congestton caused by the on--

- ramp. The close TPR 20 spacmg will make up for the loss in performance caused by

increasing the threshold Incident detection by countmg early vehlcles is unaffected

by the presence of an on-ramp wnthm a road segment 11

PRI
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A modified algorithm is used for segments 11 containing an off-ramp ina
configuration where vehicles 12 can exit the roadway without being detected. To
maximize detection performance, a TPR 20 should be located just before each off-
ramp to increase the portion of the roadway on which the baseline algorithm can be
used and to shorten the section within the interchange on which the modified
algorithm must beused. © - : el
It should be appreciated that if a TPR 20 can be placed on the off-ramp, the exiting
vehicles 12 can be detééied-a"nd the method described above can be used to detect
incidents by recognizing that the vehicles 12 detected leaving via the off-ramp are not

overdue and the normal end of segment 11..

To declare an incident in a section cf the roadway that includes an off-ramp

“without a TPR placed on the off-ramp, it is preferably required that the number of

vehicles compieting the segment in less than the allowed time (the off-ramp time

~ threshold) over the previous one minute interval does not exceed a predetermined.

~ count threshold. This test replaces the overdue test described above. For example, if

between fifty and one hundred vehicles start a segment-11_in the most recent five
minute interval, the arrival of three vehicles within a one minute period at the TPR 20

located at the end of the segment before the off-ramp would-suppress incident .

~ within the one minute ‘period,- an'incident: is declared.: ... - - ..

In a further example, if two hundred fifty or greater number of vehicles 12

© start segment ‘11 in the imost recent:fiveaninuie interval, the arrival of fifteen or more -

vehicles at the end of segment 11 would suppresé incident detection. If fewer than

fifteen vehicles arrive within the one minute period, an incident is declared. This

" prevenis an incident from being deciared when a reasonable number of vehicles are

30

completing segment 11 having an unmonitored off-ramp within the allowed time.
When a vehicle 12 completes a segment 11, it is counted as arriving within the .
allowed time if the following condition is satisfied:

DifflV,, S]] < Off-RampTime Threshold,
Where
DiffiV, §j] is derived from Equation 2; and

BNSDOCID: <WO___0169569A2_1_>
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the Off-Ramp Time Threshold can vary by segment.

- Tncident detection by counting early-vehicles is unaffected by the presence of

an‘off-famp within a road section except that the early vehicle sample size threshold

for such sections is slightly reduced.

For a typical interchange with an off-ramp preceded by a TPR 20 and one or

- two on-ramps followed by a Toll Gateway, the modified algorithm and sample sizes

as described above will be used with a time threshold of 40%..

A free section of the roadway is a'section where no tolls are collected from
any vehicle. It is expected that the number of vehicles 12 equipped with transponders

16 as a percentage of the total vehiéléS“l2 (referred to as/AVI penetration) might be a

" smallier in a free section: Assuming a TPR 20 is located at the start of the free section

and ancther one is'near the end of the section, the baseline algorithm will be -
preferably used with a time threshold of 80%..:. Early vehicle incident detection Jogic.
should be disabled for the road segment 11 immediately following the free section to

avoid erroneously declaring an incident as.the result of congestion easing. . .

A
Loimte T

" . The threshold values described in:the examples above are.only applicable to a .

“particular roadway configuration. Operating threshold values will vary depending on the

roadway configuration and capacity.. The-nominal-threshold values.are adjusted during

initial system setup to eliminate falsely detected incidents.

Ty LR P B TN MU R .- R ki
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" All publications and references cited lierein are expressly:incorporated herein by
reference in theirentirety.” - < oo oDl es Fl Seaon e L
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~ ¢ . Having described the preferred embodimentsof the invention, it will now become

- apparent to one of ordinary skill in the art that other embodiments incorporating their

concepts may beused. © - .. T ERT

What is claimed is: ST IUU
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. CLAIMS

1. A method for detecting incidents along a roadway comprising the unordered
stepsof. ,

arranging a plurahty of readers at mtervals along a roadway for readmg '
uniquely identified data from each of a plurality of vehrcles o

correlatmg the data wrth prevnously read data to obtam mformatlon on each of

»the plurahty of vehlcles

determmmg the number of vehlcles potentlally affected by incidents along the

roadway, and v‘
comparmg the number of vehxcles potentrally affected by incidents to a sample

threshold.

2. The method of claim 1, wherein the plurality of readers 'comprises a plurality ‘

of traffic probe readers. N

3. The method of claim 1, wherein each of the’plu'rality of readers is spaced at

least five kilometers from an adjacent reader.

4. . The method of claxm 1, wherem the mformatron is at least one of
a vehicle speed; - ' o o
~an expected vehxcle travel txme between two adjacent readers; and
an expected amval trme of each of the plurahty of vehlcles at one of the :

plurality of readers.

5. The method of clarm 1 wherem the step of determmmg the number of -
vehicles potentlally affected by an mcndent further comprises the step ‘of determmmg
the expected time for each of the plurallty of vehlcles to be detected by a partlcular

one. of the plurahty of readers

6. The method of claim 5, wherein the step of determining the number of
vehxcles potentnally affected by an incident further compnses the steps of
determmmg the amount of time each vehicle time is overdue past the expected

detection time; and
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comparing an amount of time each vehicle time is overdue to a predetermined

6 _ threshold.
7. . The method of clalm 6, wherem the predetermmed threshold is adjusted

2 accordmg to the roadwav usage
1 8. The method of clalm 5, wherein the step of determmmg the number of each of
2 - the plurality of vehxcles potentxally affected by an mcxdent ﬁjrther compnses the steps
3 of
4 _ determmmg the amount of tlme each vehrcle tlme is earher than the expected
5 detectlon time; and o o
6 comparing an amount of time each vehicle time arrived early to a o
7  predetermined threshold. ‘
1 o The method of claim 8, wherein the predetermined-'thre‘shold is adjusted

2 according to the roadway usage.

1 10. The method of claim 1, further compnsmg detecting an incident in reepcnSe to
2 the number of each of the plurahty of vehlcles potentrally affected by an mcrdent

.,J.. [

exceedmg the predetermmed sample threshold

EEE S S T

1. The method of ciaxm 10 wherem each of the plurahty of vehlcles potentlally -

:'..'uq-. I HE

2 affected by an mc1dent is overdue at one of the plurahty of readers

1 12 o The method of clalm 10, wherem each of the plurahty of vehrcles potentially

2 ;affected by an mcxdent has amved early at one of the plurahty of rea.ders -

- i ot ,”_ ¢ s "

1 13. The method of clalm 12 wherem the number of each of the plurallty of

2 vehicles potentially affected by an incident is counted over a predetermmed mtervalf

: 14. : The method of clalm 4 wherem the amval tlme of expected readmgs is a

2  function of the vehicle type.

BNSDOCID: <WO____0169569A2_I_>
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1 15 The method of claim 1, wherem the plurallty of readers compnses a

2  transponder reader.
1 160 The meihod of claim i, wherein ihe piuraiity of readers comprises a license

2  plate reader.

1 17.  The method of claim 1 wherein an instantaneous spéed of each of the plurality”
2 of vehicles is determined by a Toll Gateway sensor.
1 18. The method of claim 6, wherein the expected time for each of the plurality of

vehicles to be detected by reader is calculated by:

3
ExpSpeed[V,, S, 1= min(StartSpeed[V,, S, HighSpéed(S,])
4 Length[S T B
ExpTime[V,,S,]= ExpSpege[d{ ] S).]
5 " where,
6 Viisa vehicle entenng aroad segment S,
7 ExpTime[V,S)] = expected time forV to be detected,;
8 StartSpeed[I{J,S]] startmg speed of Vi at the begrnnmg of segment AYS
9 , ExpSpeed[ V,, S,] = expected speed over segment S, :
10 4‘: R nghSpeed [.S}] = average legal speed llmlt over the segment startmg at-
11 ”‘.S},and ! Fre e i N St :
12 Length [S] length of the segment startmg at S

'1‘9. | The method of clalm 18, wherein ar an overdue tlme for each of the plurahty of

2 velucles that has not been det d hy the expected reader wnthm the expected time, is

3 calculated by: .

o ~ Start ExpTi |
4 | Overdue[V ; c] = arifiimelV, 5,1~ ExpTimel,, Ji x100%
d ExpTime[V,,S,]
‘ where, - S . ' ‘
6 SlartTime[V,.,_."S‘ J] = tirne that 4 entered the segment startingat S .
1 20. The method of claim 18, wherein a difference between the expected and actual

BNSDOCID: <WO__ 0169569A2_|_>
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link travel time for each of the plurality of vehicles is calculated by:

Length[S, |
max| ActualTimefV,, S, ], ‘engl[ ] -~ ExpTimelV;, S ;]
DIV S . HighSpeed|S,] 100%
: 1. 1= B x
A ExpTime[V,,S,] °
where:

. ActualTime[V},Sj] = actual time for V; to travel over segment S;.

21. The method of claim 18, wherein the 'starting' speed of Vi is calculated by':
StartSpeed|V},Sj] = average speed of V: over a prior segment.

22. The method of claim 18, wherein the starting soeed of V; is calculated by:
StartSpeed[V,, S;] = instantaneous speed of 7] at the start of §; measured by a

toll gateway speed sensor.
23, The method of claim 1, further comprising the step of declaring an incident in
response to the number of each of the plurality of vehicles potentially affected by

incidents being greater t_han the sample threshold.

24. The method of clalm l ﬁxrther compnsmg the step of excludmg each vehlcle )

. . that is overdue for more than a predetermmed cutoff threshold measured from the

wtlme that the vehlcle is mmally overdue from bemg counted in the number of each of

the plurality of vehicles potentially affected by incidents.. .

13
'

. 25. . The method of claxm 1, further compnsmg the step of excludmg each vehicle,

:that has amved early at the end of a roadway segment for ‘more than a predetermmed

cutoff threshold measured from the tlme that the vehtr'le is mmally early, from bemg b_

counted in the number of each of the plurahty of vehicles potentlally affected by

. - " .
- - . : . v

mcxdents

26. The method of clalm 1, further compnstng the step of suppressmg the
detection of an mcndent ina roadway segment where the number of vehicles exiting
the segment of the roadway on an off ramp overa predetermmed interval of time

exceeds a predetermined threshold.

A By
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27. - A method for detecting inzidents along a roadway comprising tb:e unordered
steps of: R . _» :
arranging a plurality of traffic probe readers at intervals along a rdédway for
reading a transponder disposed on a vehicle; L ,
correlating the transponder readings from each of the plurality of ,_ ‘veh.icle's_; and
expected readings from each of the plurality of vehicles at more >than\o>rl|e traffic

- probe reader; and -

0 NN L A WN e

detecting incidents which result in an interruption to the flow of traffic.

28. The method of claim 27, further comprising the step of writing time and

[y

2 location data into the transponder of each of the plurality of vehicles.

-29. - The method of claim 27, further comprising the step of arranging a plurality of

[a—

2 toll gateways at intervals along a roadway for reading a transponder 1D disposed on

3 each of a plurality of vehicles and for determining the presence of vehicles not }-laving.
4  atransponder ID.

1 30. An incident detection system comprising:

2 a traffic management center processor connected to a data network;

3 a plurality of unique vehicle data readers connected to said data network such
4  that uniquely identified data are read from each of a plurality of vehicles;

) a correlation processor, wherein said uniquely identified data are correlated to
6  obtain a count of overdue vehicles and early arriving vehicles; and

7 an incident detection processor.

1 31 The system of claim 30 wherein said plurality of unique vehicle data readers
2 further comprise: |

3 a plurélity of traffic probe readers, each of said plurality of traffic probe

4  readers having an automatic vehicle identification reader; and

5 a plurality of toll gateways, each of said plurality of toll gateways having an
6  automatic vehicle identification reader.

1 32 The system of claim 30 further comprising a plurality of roadside toll

2 collection devices coupled to said plurality of toll gateways, said plurality of traffic

BNSDOCID: <WO___0169569A2_I_>
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3 probe readers, and said traffic management cénter;, such that the volume of data

4  transmitted to said traffic management center is minimized.

[
o

33. The system of claim 30 wherein said correlation processor is connected to said-
2 traffic managément center processor. ' ‘

. [
'

1 34, The system of claim 30 wherein said correlation processor is connected to said -

2 roadside toll collection device.

35.  The systém of claim 30 wherein sdid incident processor is connected to said

2 traffic management center processor.

36.  The system of ciaim 30 wheréin said incident processor is connected to said

.t R et A f
i

. o A . " N
2  roadside toll collection device.: - o
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